A patient with MRI confirmed lesions in the corpus callosum and the left cingulate gyrus had a rare syndrome of crossed avoiding reaction of the left hand. With the right hand she could reach a stimulus object in whatever space it was presented. With the left hand, however, she could not mobilise it to reach a stimulus presented in the right hemispace relative to her body axis. In the left hemispace relative to her body axis her left hand reached an object without any difficulty. This left unilateral difficulty in the right unilateral space may be related to a unique spatial function that controls manual space, which is represented differentially in the two hemispheres. In the left hemisphere this function covers bilateral hemispace and is operated by the right hand. In the right hemisphere this function covers only the left hemispace and is operated by the left hand.
In 1977, Lechevalier et all reported a case of Marchiafava-Bignami disease in which motor inhibition of the left hand in the right space occurred with symptoms of hemispheric disconnection, documenting for the first time "crossed avoiding reaction". Kashiwagi et aP reported a similar case with infarcts in the corpus callosum as well as the right hemisphere.
We describe a new case of crossed avoiding reaction, in which the major lesions were limited to the corpus callosum and the left anterior cingulate gyrus. Based on the detailed analysis of the present symptoms, we agree that crossed avoiding reaction is a sign of callosal disconnection, and propose a hypothesis to explain this interesting phenomenon.
Case report
The patient was a 56 year old right handed housewife with grade 8 school education. She had been active in a local ladies' club until the onset of the disease.
Past history revealed diabetes mellitus and hypertension. In September 1986, she developed mild weakness of the tongue, but recovered without sequelae in three weeks. CT scan of the brain at the time showed no abnormality.
On 1 March 1988, she developed right sided weakness and was admitted to hospital on 3 March. She showed slight impairment of consciousness, mild right hemiparesis, and increased right tendon reflexes. On 20 December 1988 she was alert and cooperative. A left hemianopsia was not confirmed with Goldmann perimetry. Cranial nerves 3-12 were normal. No apparent motor weakness was present. Muscle tone was normal. However, movements of the left upper and lower extremities were clumsy in the fingerto-nose and heel-to-shin tests. Biceps and patellar tendon reflexes were increased, but no pathological reflexes were detected. Sensation was normal except for joint position sensation at the left fingers.
Neuroimaging studies A CT scan of the brain revealed circumscribed low absorption areas in the corpus callosum from the genu through the body and in the adjacent medial area of the left frontal lobe consistent with a diagnosis of infarction of the left anterior cerebral artery. An MRI study was also performed. T1 weighted sagittal and coronal sections showed atrophy of the left half of the corpus callosum from the genu through the entire length of the body (fig 1) . Proton weighted axial images revealed a low signal area in the left cingulate gyrus (fig 2) . T2 weighted axial sections showed additional small lesions in the bilateral thalamus and in the left frontal subcortical area.
Neuropsychological studies She looked vague but retained all the abilities for activities for daily living. Language was considered essentially normal although some paraphasias were noted in naming picture cards. WAIS performed one month after admission revealed verbal IQ of 60 and performance IQ was off scale. This poor score was somewhat surprising in view of her overall demeanour. During the course of examination it became clear that she had an array of callosal disconnection syndromes. Thus her left hand showed diagnostic apraxia, alien hand sign with self-grasping, tactile anomia, agraphia, and ideomotor apraxia. On copying pictures with the right hand she demonstrated left unilateral spatial neglect. Also on reading and naming pictures she neglected leftward stimuli. In raising both hands, motor initiation difficulty of the left hand was observed. We also noted that she had some difficulty Goal reaching movement of the hand involves visual, acoustic, somaesthetic, motor, and spatial factors. When a stimulus is presented for grasping, visual and/or acoustic information about the position of the stimulus is mapped on to a representational image of the three dimensional space with the self at its centre (self-centred space), which is then related to the movement of the hand. In mobilising the hand, the position of the stimulus is checked against the memorised somaesthetic and motor information of the hand to determine the direction and magnitude of the planned movement. Disruption of functions at any level of this complex network could result in difficulty in reaching. It is supposed that the quality of the difficulty is different depending on the nature of the impairment.
With regard to motor factors, her left hand showed no weakness, rigidity, dystonia, or ataxia at the time when crossed avoiding reaction was present. She had left sided apraxia but it is difficult to explain crossed avoiding reaction in terms of apraxia since it has never been observed to occur in unilateral space.
As for visual factors, left hemispatial neglect was present, but it was detected not in the left hand but in the right hand task. This is contrary to the left right relationship characterising crossed avoiding reaction. Crossed avoiding reaction is clearly different from optic ataxia3 or visuomotor ataxia,4 both of which are characterised by errors in reaching and not the impossibility of reaching. Also the present crossed avoiding reaction could also be elicited with an auditory stimulus.
Hand movement around the body is performed based on spatial information originating from two different sources-that is, extrapersonal spatial perception and personal spatial perception.5 Extrapersonal spatial perception deals with extracorporeal space where a target is perceived in relation to many other objects, while personal spatial perception deals with intracorporeal space where the hand movement is perceived in relation to other body parts. Information about the position of a target stimulus obtained through extrapersonal spatial perception is matched with information about the present status of the hand position obtained through the personal space perception system.
For goal reaching to succeed, another system which regulates motion in space and posture comes into play. This system is closely related to personal spatial perception and works for locating and mobilising the body, especially the hands. Sakata, in the series of studies with monkey brains, found a group of cells that synthetically processed sensory information from the skin and joints to provide tactile discernment of the spatial positions and movements of objects, as well as recognition of the posture pattern as a whole, and suggested such cells serve as the functional basis of senses for tactile space and posture patterns. It is proposed that this three dimensional tactile and postural information is transmitted to the premotor area, to play an important role in spatial posture regulation.
Postural regulation of the hands necessary for reaching is limited to the space outside of the body but within the reach of the hands. This "manual" space is biologically very important for humans to manipulate tools. Functional coordination between intracorporeal space and extracorporeal space is realised in this hypothetical space. We further hypothesise that our patient's bilateral manual space is represented in the left hemisphere but only unilateral left manual space is represented in the right hemisphere. If the link between the right and left hemisphere is disrupted by damage to the corpus callosum, the right hand's spatial operation would not be affected because its bilateral manual space is controlled by the left hemisphere. But the left hand would be prevented from the full expression of its function because its operation in the left space is controlled by the right hemisphere, while operation in right space is not permitted.
Why did the crossed avoiding reaction not occur in the natural daily situation? This so called automatico-voluntary dissociation9 has long been observed in aphasia and apraxia and regarded as a sign of higher level disturbance. Some of the callosal disconnection syndromes such as left hand apraxia also comply with this rule.'0 It probably follows that the isolated left hand reaching task into the right hemispace in the test situation was a very artificial and demanding one which required special concentration. The fact that the right hand participation often resulted in facilitation of the left hand crossed avoiding reaction may mean that bilateral behaviour is a more natural and less demanding condition in which the left hand control from the right hemisphere becomes less necessary, or the left hand reaching is either facilitated ipsilaterally from the left hemisphere or controlled through pathways outside the damaged callosum.
Although the nature of this deficit is qualitatively different from motor dexterity and related more to spatial function, the pattern of right left asymmetry of the hand's performance suggests a close relation to handedness. The right hand motor dominance might have contributed to development of bilateral "manual space" in the left hemisphere to further facilitate its dexterity.
